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I. REAL PARTY IN INTEREST 

The real party in interest is NOVEN Therapeutics, LLC, which acquired rights to the 
present application through an assignment recorded on March 2, 2010, on Reel/Frame 
024006/0417. 
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II. RELATED APPEALS AND INTERFERENCES 

None. 
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III. STATUS OF CLAIMS 

Pending claims: 51-59. 

Rejected claims: 51-59. 
Objected to claims: none. 
Withdrawn claims: none. 
Appealed claims: 51-59. 
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IV. STATUS OF AMENDMENTS 

Appellants last amended the claims in a response filed on February 11, 2009. The claims 
have not been further amended since that time. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

Appealed, independent claim 5 1 is directed to a pharmaceutical composition that 
comprises a sulfonate salt of paroxetine.' The composition further comprises calcium hydrogen 
phosphate anhydrate in the form of plate shaped crystals of agglomerates thereof^ and it 
comprises a disintegrant and lubricant.^ However, the composition does not contain lactose or 
microcrystalline cellulose.'* Finally, the claimed composition has a pH within the range of 5.0 to 
6.0.^ 

Appealed, independent claim 51 is directed to a pharmaceutical composition that 
comprises a sulfonate salt of paroxetine,^ calcium hydrogen phosphate anhydrate in the form of 
plate shaped crystals of agglomerates thereof,^ a disintegrant and lubricant,* and that has a pH 
within the range of 5.0 to 6.0.^ The composition has an added water content of 1.2 wt% or less.'" 



' See specification at page 3, line 30 to page 4, line 1. See also specification at page 5, lines 6 and 21-22 
^ See specification (as amended on Ooct. 17, 2007) at page 13, lines 6-7. 
^ See specification, page 4, line 3 and page 6, lines 18-19. 

* See specification, page 8, lines 12-14. 
' See specification, page 7, line 22. 

^ See specification at page 3, line 30 to page 4, line 1. See also specification at page 5, lines 6 and 21-22 
^ See specification (as amended on Ooct. 17, 2007) at page 13, lines 6-7. 

* See specification, page 4, line 3 and page 6, lines 18-19. 
' See specification, page 7, line 22. 

See specification, page 8, lines 31-31. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The only rejection is against claims 51-59 for being allegedly unpatentable under 
35 U.S.C. § 1 03(a) over U.S. Patent No. 6,1 13,944 to Pathak et al. ("Pathak") in view of U.S. 
Patents No. 5,874,447 to Benneker et al. ("Benneker") and No. 4,675,188 to Chu. 
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VII. ARGUMENT 

The Examiner's sole rejection of claims 51-59 embodies clear legal and factual error. 
Accordingly, Appellants respectfully urge the Board to reverse the rejection. 

The Examiner cited Pathak for alleged disclosure of paroxetine formulations with 
excipients such as calcium phosphate, sodium starch glycolate and magnesium stearate." The 
Examiner acknowledge that Pathak does not, however, teach or suggest the use of a sulfonate salt 
of paroxetine or calcium hydrogen phosphate anhydrate in the form of plate shaped crystals or 
agglomerates.'^ Moreover, the Examiner acknowledge that Pathak does not teach or suggest that 
the paroxetine formulations have a pH of 5.0 to 6.0.'^ 

Benneker was cited for alleged teaching of sulfonate salts of paroxetine.''* Further, the 
Examiner cited Benneker for alleged suggestion that such salts exhibit greater solubility.'^ 

Finally, the Examiner cited Chu for teaching the use of calcium hydrogen phosphate 

anhydrate ("CHP") for direct compression tableting.'* Critical to the stated rejection, the 
Examiner relied upon Chu also for its teachings regarding pH, as discussed in more detail 
below.'' 



" See Non-final Office Action dated January 1, 2008, page 2. 
See Non-final Office Action dated January 1, 2008, page 3. 

Id. 

See Non-final Office Action dated January 1, 2008, page 4. 
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The rejection hinges upon at least two errors. First, the Examiner contended that the 

"prior art suggest[s] a composition that is substantially identical to that which is claimed . . ." 
and, hence, the prior art compositions would "reasonably be considered" to possess the claimed 
pH of5.0to6.0.'* 

Second, the Examiner asserted that because Chu teaches a pH of a reaction medium in 
which calcixun hydrogen phosphate ("CHP") can be prepared, then the final product , CHP, "is 
reasonably considered to maintain a similar - if not the same - pH when mixed with the active 
ingredients to form the tablet,"'^ even though no scientific theory supports this extrapolation of 
pH of a component, CHP, to pH of a composition containing that component. The Examiner 
asserted in this regard that Chu teaches pH adjustment of the reactions that produce CHP; hence, 
according to the Examiner, pH can affect "the shape and size of [CHPl particles," by identifying 
pH as a parameter suitable for optimizing.^" Based upon this assertion, the Examiner concluded 
that "the pH [of the claimed composition] is still reasonably considered to be the same."^' 

A. Chu Does Not Suggest pH of a Composition that 
Contains Calcium Hydrogen Phosphate 

The rejection is founded on factual error because the only pH discussed by Chu is that of 
a reaction medium fi^om which anhydrous dicalcium phosphate is ultimately isolated.^^ Chu does 

Final Office Action dated May 11, 2010 at page 3;seeabo Interview Summary dated October 13, 2009. 

Final Office Action dated May 1 1, 2010, page 4 (emphasis added) 

Final Office Action dated May 1 1, 2010, page 3 

Final Oftice Action dated May 11, 2010, page 4 

See Chu at col. 1, line 64 to col. 2, line 8 and at col. 3, lines 42-48. 
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not teach the pH of any resulting CHP product nor does the reference hint at pH of a 
pharmaceutical composition that comprises the CHP product. Chu's disclosure of pH is 
irrelevant to the claimed invention not because such pH applies in a different context, but 
because it describes a completely different substance , a reaction medium, not a pharmaceutical 
composition comprising CHP and other components, as claimed. 

Because Chu utterly fails to teach or suggest pH of its anhydrous dicalcium phosphate, 
the skilled artisan has no reasonable expectation that Chu's CHP product will possess a given 
pH. Even if it is assumed, arguendo, that Chu does somehow suggest a pH of its CHP product, 
there still remains no reasonable expectation that a composition comprising Chu's CHP product 
together with an active agent and other excipients would have a pH of 5.0 to 6.0, as prescribed by 
the rejected claims. 

Apparently responsive to these considerations, the Examiner highlighted teaching in 
Appellant's own specification that pH of a composition can be adjusted by selection of 
excipients, such as dicalcium phosphate, which can be acidic or neutral, depending on the 
particular species of dicalcium phosphate and how it is processed during manufacture.^^ Yet, this 
is a legal red herring that cannot support an obviousness rejection, which must be based on the 
teachings of the prior art. 

What is relevant here is that none of the cited prior art references, such as Chu, gives the 
skilled artisan a reason to adjust pH of dicalcium phosphate, teaches how to adjust pH, or 

" Final Office Action dated May 11, 2010, page 4 



Atty. Dkt.No. 091856-0105 

indicates what pH might pertain to a composition that contains dicalcium phosphate of a given 

pH. Simply put, no combination of the cited prior art teaches or suggests a composition having 
pH within the range 5.0 to 6.0, as claimed. Accordingly, there is not even aprima facie cases of 
obviousness. 

The rejection devolves essentially to the fact-starved allegations that (i) Chu teaches pH 
of dicalcium phosphate (which it does not), and (ii) pH is an attribute of a pharmaceutical 

composition comprising the dicalcium phosphate. Because both allegations get nowhere near the 
claimed invention without factual and legal errors to bridge the gap, the rejection is improper and 
should be withdrawn. 

B. The Cited Prior Art Does Not Suggest a Composition 
that Inherently Possesses a pH of 5.0 to 6.0 

The rejection also manifests legal error by veiling a doctrine of inherency^'^ in a 
conclusion that prior art "ingredients," when combined, would "reasonably be considered to have 
similar pH values [as the claimed composition] unless otherwise proven."^^ The Examiner's 
reasoning, in essence, arrives at precisely the same point from which it departs: since a known 
composition possesses certain properties, ipso facto, then no such property can be unexpected for 
purposes of a section 103 analysis. 



The Final Office Action does not actually invoke the term "inherency", per se, but it does cite to 
MPEP § 2 11 2.01 [R-3], which exphcitly elaborates upon the doctrme of inherency in anticipation and obviousness 
rejections. Final Office Action dated May 11, 2010, page 4. 
^' Final Office Action dated May 1 1, 2010, page 3 
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Yet, by the Examiner's own admission, the claimed composition is not knoAvn.pe/- se, but 
rather at best would have been obvious from the combined teachings of Pathak, Benneker, and 
Chu. The factual and legal errors surrounding this assertion are outlined above. Given the fact 
that none of the cited references hint at pH of any "ingredient," much less of the composition as a 
whole (as claimed), there is no factual basis for the assertion that a hypothetical composition that 
might be made by selecting and combining different components from the cited references, and 
that would possess a pH within the range of 5.0 to 6.0 as claimed. The pH of CHP is not fixed, 
but instead varies according to its method of manufacture. Hence, a composition that comprises 
CHP docs not necessarily possess the presently recited pH of 5.0 to 6.0. The Examiner therefore 
erred by relying upon inherency in this context. 

Indeed, the specification sets forth countervaiHng evidence that rebuts a rejection based 
on inherency by showing that any putative pnor art composition does not "necessarily possess the 
characteristics of the claimed product."^^ The application presents in some detail that 
commercially available CHP is "generally alkaline; i.e. pH greater than 7 . . For instance, the 
product DI-TAB has a pH of about 7.4.'« Yet, some CHP gives rise to acidic or neutral pH, 
which depends on the form and grade of CHP and whether and to what extent impurities remain 
in the CHP after processing.^^ Still, CHP is generally acknowledged to have a pH of about 7.3.^° 



" In re Best, 562 F.2d 1252, 1255 (CCPA 1977). 
" Specification, page 7 (emphasis added) 
Id. 

Specification, pages 7-8 
Specification, page 8 
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The pH of a composition can be governed by a blend of CHP products, each having their 
different respective pH values, and by excipients other than CHP.^' Accordingly, the skilled 
artisan cannot know a priori the pH of a given CHP-containing composition. Because Chu does 
not teach the pH of its anhydrous dicalcium phosphate, there is no basis for the assertion that pH 
of Chu's CHP and, allegedly, the pH of a composition comprising that CHP, falls within the 
claimed range of 5.0 to 6.0. To the extent that the skilled artisan might attnbute a particular pH 
to the CHP taught by Chu, it likely would be a basic pH (e.g., greater than 7), as taught in the 
application for most CHP. Thus, there is absolutely no basis for the Examiner's conclusion that 
Chu could be understood to directly or inherently suggest the pH of the claimed compositions. 

For all of these reasons, the cited combination of Pathak, Benneker, and Chu fails to 
render obvious the claimed composition. Accordingly, Appellants respectfully urge withdrawal 
of the rejection. 



Respectfully submitted. 



Date December 6. 2010 




FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 295-4767 
Facsimile: (202) 672-5399 



Steven M. Reid, Ph.D. 
Attorney for Applicant 
Registration No. 54,393 
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VIII. CLAIMS APPENDIX 

51. (Previously presented). A pharmaceutical composition comprising a sulfonate salt of 
paroxetine, calcixim hydrogen phosphate anhydrate in the form of plate shaped crystals or 
agglomerates thereof, a disintegrant and a lubricant, wherein said composition does not contain 
lactose or microcrystalline cellulose, and wherein said composition has a pH within the range of 
5.0 to 6.0. 

56. (Previously Presented). A pharmaceutical composition comprising a sulfonate salt of 
paroxetine, calcium hydrogen phosphate anhydrate in the form of plate shaped crystals or 
agglomnerates thereof, a disintegrant and a lubricant, wherein said composition has a pH within 
the range of 5.0 to 6.0 and said composition has an added water content of 1.2 wt% or less. 
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IX. EVIDENCE APPENDIX 

1 . A-TAB Trademark records and product data sheet entered into the record on October 1 7, 
2007. 

2. U.S. Patent No. 3,095,269 entered into the record on July 8, 2008. 
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PRODUCT DATA SHEET ORG FP ATAB APR2007 

Identification CAS n" [7789-77-71 

Dibasic Calcium Phosphate Anhydrous 
Phosphoric acid, calcium salt ( 1 : 1 ) 
Calcium Phosphate, Anhydrous (1:1) 
Calcium Hydrogen Phosphate Anhydrous 
Calcii hydrogenophosphas anhydricus 

CaHPp 



Mr= 136.1 

White, odourless and tasteless granules. Practically insoluble in cold 
water and In ethanol (96 per cent). It dissolves in dilute hydrochloric 
acid and in dilute nitric add. 

Used as exdpient in the manufacture of medicinal and nutraceutical 
products an as a source of calcium and phosphoois in nutritional 
supplements. 

The specifications below are the harmonized specifications in 
force in the EU since April 1. 2007 and the US as of 
December 1. 2007 (USP 30, 82) ■- Considering some 
specifications are not hamionized, our sales specifications 
are based on the most restrictive ones 



Specification items 


Limits Comm 


ant 

(non harmonized attributes) 


Assay (as CaHPO ^ H 0) 


98.0-103.0% 




Loss on Ignition 


6.6-8.5% 




Chlorides 


0.25 % max 




Fluorides 


50 ppm max. 


Ph. Eur. limit is 100 ppm max 


Sulphates 


0.5 % max 




Arsenic 


3 ppm max. 


Ph. Eur. limit is 10 ppm max 


Lead (FCC) 


2 ppm max. 


Not in USP nor in Ph. Eur. 


Heavy metals (as Pb) 


0.003 % max. 


Ph.Eur. limit is 40 ppm max 


Carbonate Passes test 






Barium Passes test 






Acid insoluble substances 


0 2 %max 




Iron 


400 ppm max 


Not a USP requirement 


Particle Size (wet sieving) 






On 20#(850|jm) 




Not in USP nor in Ph.Eur. 


On 100#(150|jm) 


40 % min 


Not in USP nor in Ph.Eur. 


Through 200 #( 75 pm) 


25 % max 


Not in USP nor in Ph.Eur. 


Through 325 #( 45 pm) 


5 % max 


Not in USP nor in Ph.Eur. 



Synonym 

Empirical formula 
Molecular WEIGHT 

Physico-chemical 

PROPERTIES 

Applications 
Specifications 
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Typical properties 



Regulatory / Quality 



0.80 g/ml (50 lbs/ft ) 
29.1 % 
22.6 % 
0.25 ppm 

0% 
35% 
10% 

3% 



Packaging 



pH (20 % slurry) 
Bulk Density 
Calcium content 
Phosphorus content 
Lead 

Particle size (wet sieving) 
On 20 # ( 850 \im) 
Through 100#( 150 pm) 
Through 200 # ( 75 pm) 
Through 325 # ( 45 pm) 

Regulatory support is provided to assist our customers in their 
registration process. 

The following declarations can be downloaded on 
httD7/wvyw.innoDhos.com/certs.asD 

Allergen: Free of Allergens 

GMO Free of Genetically Modified Organisms 

Halal Product Confonns to Halal Standanjs 

ISO ISO-9001 . 2000 (NSH-ISR) 

Kosher Product Conforms to Kosher Standards 

NAFTA Product Qualifies for the North-American Free 

Trade Agreement 
NSF1 and NSF2 International - Product conforms to NSF 

Standard 60 

BSE/TSE No materials of animal origin are used 
Residual Solvents The product is free of Residual Solvents 
25 kg net weight paper bags 



Transport 



Storage conditions 



Safety instructions 



Not regulated 



□ INU\ND 
international Legislation (RID-ADR) 

□ SEA FREIGHT (OiVII) 

□ AIR FREIGHT (lATA) 

Keep the product in the original unopened container away from 

moisture and heat, in normal pharmaceutical warehousing 

conditions. 

Re-test date: 3 years 

Please consult the material safety data sheet, downloadable on 

httD://www.innQPhos.com 
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Innophos Research and Development Center 



Innophos produces A-Tab ®, an anhydrous dicalcium phosphate as an excipieat for 
pharmaceutical products. A-Tab ® is a crystalline material \n^ch grows into rhombic plate 
shaped crystals. Individual crystals vary in size, but most are between 1 5-30 um in length when 
measuring the longest axis. These plates form agglomerates of larger clusters with the major 
fraction of particles between 74 and 150 um (200 and 100 mesh). The overall particle size 
specification is 1% maximum on 20 Mesh, 40% minimum through 100 Mesh, 25% maximum 
through 200 Mesh, and 5% maximum through 325 Mesh. The agglomerated crystals are not 
considered very porous, having a typical surface area of 8-1 5 m^/g. Some other typical 
properties and specifications of A-Tab ® can be found at vyww.InnoDhos.com vAdob. is the 
source of the charts seen below. 



Typical Properties 

pH 

Bulk Density 
Phosphorus 
Calcium 
Lead 

Compressibility, kp range 
Insoluble 
Specifications 
Assay 

LjOSS on Ignition 



Fluoride 

Heavy Metal 

Lead 

Ctilonde 

Cartyonate 

Sulfate 

Barium 

Add Insdubles 



50 

22.6% 
29.1% 
< 0.25 ppm 
25-38 
in Alcohol 

98.0% min. - 105% max. 

7.0 min. - 8.5% max. 

3 ppm max. 

0.005% max. 

(as Pb) 0.003% max. 

2 ppm max. 

0.25% max. 

Passes Test 

0.5% max. 

Passes Test 

0.2% max. 



Regards, 

Robert C. Finn, PhD 

Sr. Staff Scientist, Innophos. Inc. 



/nnophos, Inc. Cranbuiy. Ul 08S12. Talaphone: (609) 368-1304, Fax: (609) ««H3f3fi 
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United States Patent Ofl&ce 

Patented June 25, 1963 

' ~" T ~~ ~ ""^ 2 

synthesis of calcium halophosphate phosphors much 

, nqq 2fi9 more critical, as is well known in the art. 

nr.^jvtrn«!inNr OF CALCItM HYDROGEN PHOS- We have found that calcium hydrogen plwsphate di- 

SmYDsi^ TO ™E AOTTOROUS hydrate (CaHPO,-2H,0 ) can be converted (d^hy W 

F^Sm ^ 5 to anhydrous CaHPOi -by heatmg (65-104 C.) m aque- 

Vincent Chiola and Clarence D. Vanderpool, Towanda, medium, preferably in its own mother h^uor. Ihjs 

Pa., assignors to Sylvania Electric Products Inc., a cor- unexpected because crystals would usually become hy- 

poration of Delaware drous under such conditions. The anhydrous calcium hy- 

No Drawing. Filed Oct. 12 1960 Ser. No. 62,097 phosphate has a high degree of crystal, rela- 

2 Claims. (CI, 23—109) ^^^^ uniformly-azed particles, narrow particle size dis- 

uHyJioos dibasic aldm jhcaplate to u« « plio» n ^JS^ „H 

narrow particle »i2= .lattibuiioo. ™''™ ™™ 'Si r«S iStlBaMc from dala. Tke torrvcraion 

%'rcSrprS*«rKS^'£SS«^. ^^^1Si^t"'-"^0^«,??5'8aora,,c. 



tive practice was to mix DAP and calcium chloride som- ™= P™'^^ ' 

'^nrS™ ran^g from room tem^ato^^ 35 - XtX/^va^ta^ric simpHcity, ease and c..- 

65° C. to precipitate c^cium hydrogen Phosphate d^- A further .^/^^^y^^^^^^ of di- 

hydrate (CaHPO^-ffl^O) ^^^^^f Tydrat wSiout separation from mother Uquo.^ eliminat- 

rSSiTm^^Kfo^^S S?-^^^^^^^ S «,.ly and time consuminssteps which wouM normal- 

Products prepared by the prior method of rmxing hot 40 ly ^^^^^^ ^^^^ performance of 

r;Srcr°;sS^tru%'^^^^^^^ ll„^l^icTntSs,^man^factnred with the .^uct of the 

tals ispherulitic growths, etc), fde pa^e »- "i^^^<f "^^^ ^^,,^^3 modifications and variations in 

tion, relatively high ,f . °* dL^io^ 45 me™ which can te used without departing from the 

gregation, varying bulk density and -.jjjt of the invention. These, however, are mamly m 

type of crystal of considerable thictoes^ TtK IS nrt^te ^fl^^^I,'^ varying conditions for preparing di- 

t^pe of calcium hydrogen phosphate which is most d^" ^^^e ^he baste pro^dure. i.e., converting dihydrate 

able for synthesis of calcium talophosphate phosphors, 2^™lSydIous CaHPO, by heating (65- 
useful in fl^o^^'^^^VrfSZSe highly crystalline 50 i^C.) in aqueous medium, preferably mother liquor. 

dih?c^atrryd=?a^Sp^^^^^^^^ ^ « ^^^^^d^o^Tor a.hievhig such con- 

ing many of the same disadvantages Dehydration of ttie The ^o^e, mucai (CaHPOt-ZH^O con- 

dihydrate using nonnal niechanic^ drymg pracL«s u^al- ''^^^^^ ^^f'l^^^^^ advantages of the invention Is 

ly results in tigbly agglomerated and ^stent y g^P^odu ^ 

drous CaHPO^. There is, m adidtion, a Problem oi neai a j solutions of calcium salt and 
controlling drying rate to effect ^^'J-' J^i^^^ ^ di^oS^ phofphate^ (DAP) or mono-ammonium 
quantities of chemically bonded water or water of „CXte (MAP), or adding a boiling DAP (or MAP) 
Mlization. Excessive rate of drying tends to cau^ deg- P^°™„^^Vo ^ botog calcium salt solution has 
radation of well-formed crystals due to sodden rel^^= b^nTs^n™n " U.S. pftent disclosure, Serial No 
of the water, resulting in excessive break-up _or fracture ou been * j^fg j,y Mooney et al. Such 
of dihydrate particles, fines and wide size d^ibuUon. 827 173 ffl^^^y/^ results of the present inven- 
Finally. this method has an economic f^^^^^^^^ f or Se^ci^ phosphate precipitated at tempera- 
cause of the necessity for isolating or separatiBg flie cU- ton lor me ca^ ^ y r^ identiSed as anhydrous 
hydrate (CaHP0,.2H,O^ before conversion (dehydra- f-^^^^^^n ,rtS;^^^^^ The present inven- 
^^"^LlrJfteT^SSyWyl apatiteXor tricalcium tion depends on formation of dihydrate and subsequent 

phosphate) — ^-'^.^°f'^XS;i^Ca?P^^^ vSo^ such as .aw materials, temperature of ^. 

as indicated by the nomina^ mole ratio, CaAP-l-^i. ^ v a^^^ precipitation, conversion pH, mineral aad used 
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ease of recovery by filtration, etc., of tihe final product 
but do not in any way affect the implementation of the 
invention to the dihydrate slutry. 

Dihydrate (CaHPO4^2Ha0) for use es a starting mate- 
rial in our process may be prepared from a, calcium salt 5 
solution and idiammonium, phosphate (DAP) as the 
source of phosphate ion. The source of phosphate ion 
may also be mon<Miinmamimi' phosphate (MAP) or a 
miihire of a suitable grade phosphoric acid and am- 
monium bydrtndde. DAP and MAP may be added to 10 
caidtun salt solution as solids or in sohitkm. 

The source of calcium may toe any of the common 
salts which are commercially available, depending on 
economic considerations. Calcium chloride, calcium ni- 
trate, calcium fonnate, caldnm acetate, caldum' car- X6 
bonate (in phosphoric add) and even limestMie (in phm- 
phoric acid) are all satisfactory sources of calcinm. 

Dibasic calcium phosphate dihydrate, (CaHPOt-ZHjO) 
may be precipitated within tiie practical range of about 
20° C. to 65° C. 20 

Within this range, the temperature is not critical. A 
preferred and convenient temperature for dihydrate prep- 
aration is room temperature 20-30° C. 

Prior to converaon (dehydration) by heating. Hie 
pH of liie dihyidrate slurry may be adjusted to any value 26 
ranging from 2.5 to 5.5. For practicd reasons, i.e., 
yield, we have established a lower limit of 3.0 ibut aU of 
the advantages of the invention may be realized when op- 
erating within this range. The pH to which dihydrate 
slurry is adjusted before conversion affects crystal habit, 30 
crystal size and yield. Operating at the lower end of the 
range tends to give diamond-shaped crystals, larger size 
crystals but lower yield. Operating at the upper end of 
the range tends to give cubic crystals of smaller size, and 
increased yield. 

The pH of dihydrate slurry may be adjusted before 
conversion (dehydration) with either hydrochloric acid, 
nitric acid, phosphoric acid, or mixtures of any two or 
three of these adds. We prefer to use nitric acid in 
systems where calcium nitrate is the starting material, 
hydrochloric add where calcium diloride is the starting 
material. 

The concentration of caldum in solution may range 
from 0.1 molar Jo 3 molar; similarly, iJie concenfration 
of DAP may be varied over the same range. We prefer 
to work at concentrations in the range of 0.5 molar. 

Hie dihydrate sluny may be formed from solufions 
containing a 1:1 mole ratio of caldum to phosphate 
(stoichiometric). The starting calcium ta phosphate 
ratio in solution may range from 3:1 to 1:3. 

After suitably adjusting pH and achieving boiling con- 
ditions, boiling may range from a few minut&s to four 
hours. The length of the .boiling period depends mainly 
on concartration and the size of the starting dihydrate 
crystals. 

Embodiments of the invention are illustialed in the 
following spedfic examples: 

Example 1 

43.2 pounds of cddum was dissolved in 140 gallons of 
deionizcd water and total volume was adjusted to 160 
gaUons. 34.8 pounds of DAP solids i(commercial diam- 
monium phosphate) was added to the caldum nitrate 
solution to form calcium hydrogen phosphate dihydrate 
at room temperatures (25° C). A volume of 4650 ml. 
of concentrated hydrochloric acid was added to adjust 
the pH of the slurry to 3.6. The sluny was heated to 
boiling; temperature was recorded at 101-103° C. After 
5 rmnutes tihere occurred a characteristic drop in pH 
to 2.5-2.6, indicating conversion (dehydratfon). C<»i- 
version was confirmed by microscopic examination. A 
yield of 16 pounds of dry product was obtained, equiv- 
alent to 64.5% of theoretical (24.9 pounds) based on 
caldum. The product consisted of diamond-shapei 
plate-like crystals which were relatrvdy non-agglomerated. 
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Example 2 

314.8 pounds of calcium nitrate was dissolved in 140 
gallons of deionized water and total volume was adjusted 
to 160 gallons. 175.7 pounds of DAP solids was 
added to the caldum nitrate solution to form dihydrate 
at room temperature. The dihydrate slurry was adjusted 
to a pH of 2.9 with 10,000 ml. of reagent HNO3. The 
sluiry W£B heated to bdling and after one-half hour there 
occurred a diaractaistic pH drop to about 2.1, indicatinig 
conversion or ddiydiation. Hris was confirmed by 
microscopic examination of the produd. A yidd of 128 
pounds, 703% of theoretical (183 pounds) based on cal- 
dum was obtained. The product consisted of diamond- 
shaped, plate-like crystals. 

Example 3 

48 pounds of purified calcium cUoride was dissolved 
in 140 gallons of deionized water and total volume was 
adjusted to 160 gallons. 57.3 pounds of DAP solids 
WCTe added to the calcium chloride solution to form ^r^^ 
hydrate at room temperature. The dihydrate starry was 
adjusted to a pH of 3.6 with 3,000 ml. of reagent hydro- 
chloric add. The slurry was heated to bailing and main- 
tained at boiling until there occurred the diaracteristic 
pH drop to 2.9, indicating convwsion. Total time at 
boiling was about on© hour. Conversion was confirmed 
by microscopic examination. The product consisted of 
highly-crystalline, diamohd-diaped, plate-like crystals. 
Yield was 44 pounds equivalent to 74.5% of theoretical 
(59 pounds) based on calcium. 

Example 4 

148 pounds of purified CaClj was (dissolved in 140 
gallons of deionized water and total volume was adjusted 
35 to 160 gallons. 175.7 pounds of DAP solids were added 
to the chloride solution at room temperature (25° C.) 
to form dihydrate. The dihydrate slurry was adjusted at 
room temperature to a pH of 3.8 with 4,000 ml. of hy- 
dioohloric acid. The slurry was heated to a bdling and 
40 maintained at boiling until there occurred a character- 
istic drop in pH of 2.5-2.6, indicating conversion. Total 
time at boiling was about one hour. Conversion was 
ctaifirmed by microacqpic examination of the product. 
The product consisted ot highly-crystalline, diamond- 
45 shaped, plate-like crystals and crystal size tended to be 
small. Yield was 159 pounds, 87.7% of theoretical (181 
pounds) based on calcixun. 

Example 5 

50 62.8 pounds of calcium nitrate was dissolved in 140 
gaUons of deionized water and total volume was adjusted 
to 160 gallons. 69.6 pounds of DAP solids was added 
' to the nitrate solution at room temperature to form di- 
hydrate. The dihydrate slurry was adjusted to a pH 
55 of 4.4 with llOO ml. of nitric add. Tba slurry was 
heated to boiling until there occurred a dharactraistic 
drop in pH to 3.5. Total time at boiling was afbout one 
hour. Conversion was confirmed by microscopic ex- 
amination. The product was highly crystalline; crystals 
60 were plate-like but had a cubic and sod-like crystal habit. 
This Slustrates change in hibit with high conversion pH 
values. Yield was 32 pounds or 88.6% of tiieoretical, 
' illustrating a trend to higher yield with 'higher conversion 
pH values. 

66 The range of temperatures given for heating in Ae fore- 
going examples do not exceed 104° C. However, if the 
ambient pressure, which wiU genaally be atmospheric, 
is high, the boiling point of the heated material may 
be somewhat above 104° C, and the mixture can ibe 
70 heated to tile higher boiling point However, higher 
pressures than standard atmospheric will not ordinarily 
be desirable. 

What we claim is: 

1. A process of converting calcium hydrogen phos- 
76 phate .dihydrate to anhydrous calcium hydrogen phos- 



3,096,269 

e 6 

• J- *• „ M r^f ttiA 7 1 tr> 5 5 hv adding add, then teatnig the ditaydrate 

phate. which proc^ ^S^liauortfl ^ifbetSn ^ tl^e aqneJ^ mediL to 'a temperature between about 

dlhydrate in ite own mo&er 1''!"°^ to^ 65° C wd its Jwiliiig prfnt .undl the pH ^aps sobstan- 

£rte^t\;'i.'LoCUStrtSSI^£: 

K abjure?" C and its boiling point unta the pH s 2.2 to 3.6. and recovering fl^e resultant anhydrous phos- 

S sSLttally iZw its initial vSue to a value be- phate from tbe aqueous medam. 

tween about 2.2 to 3.6, and recovering die resultant an- „ . . *»,;. 

SSous phLphate fro^ the remaining mother Uquor. References CSted m the ffle of this patent 

2. A process of converting calcium hydrogen phos- Wazer- Phosphorus and its Compounds, vol. 1, 

phate dihydiate to anhydrous calcium ^ydrog^ pho^ 10 jntor«A^ Publisher., N.Y., 1958, pages 

phate, which process comprises adjusting die pH the ^{T^-T 

dfiiy^te in an aqueous medium to a value between about SlU-SZi 



X. RELATED PROCEEDINGS APPENDIX 

None. 
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